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[What is Claimed is] 

10 [Claim 1] A liquid crystal display in which a pair of transparent insulating 

substrates is arranged so that transparent conductive films are opposed to each other 

and liquid crystal is encapsulated between the pair of transparent insulating substrates. 

each of a pair of transparent conductive films connected to a pair of external 

input/output terminals being formed on a surface of the transparent insulating 
15 substrate, a polarizing plate being arranged on a backside of the transparent 

insulating substrate, the liquid crystal display having a diode connected between the 

pair of external input/output terminals. 

[Brief Description of the Drawings] 

[Fig. 1] A conceptual view of a liquid crystal disp[ay. 
20 [Fig. 2] A circuit diagram of an example of a method for connecting a diode. 

[Fig. 3] A circuit diagram of another example of the method for connecting the diode. 

[Fig. 4] A circuit diagram of another example of the method for connecting the diode. 

[Description of Signs] 

1 Transparent insulating substrate 

25 2 Transparent conductive film 
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[Detailed Description of the Invention] 
[0001] 

1 5 [Field of the Invention] 

The present invention relates to a liquid crystal display that displays pictures, 
characters, symbols, patterns, and the like for a given time by static elecbicity. 
[0002] 

[Pn^jrArt] „ . 

20 It is known tiiat tiie positive static electricity is generated in a glass rod when 

tiie glass rod is rubbed by silk doth, and ttiat ttie negative static electricity is generated 
in an ebonite rod when Uie ebonite rod is mbbed by a fur. Chemical fibers made of 
materials such as acryl, nylon, polyester, polyetiiylene, vinyl chloride, and polyamide 
and plastics easily charge tiie static electiicity by ftiction. 

25 [0003] 
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The liquid crystal display using a filed-effect type liquid crystal performs 
display by utilizing the static electricity. 
[0004] 

In the liquid crystal display using the field-effect type liquid crystal, a pair of 

5 transparent insulating substrates is arranged so that transparent conductive films are 
opposed to each other, each of a pair of transparent conductive films is formed on a 
surface of the transparent insulating substrate, a polarizing plate is anranged on a 
backside of the transparent insulating substrate, and liquid crystal is encapsulated 
between the pair of transparent insulating substrates. In the display apparatus, when 

10 a substance charged with the static electricity comes into contact with the transparent 
conductive film, the polarizing plate and the transparent substrate are polarized, acting 
on liquid crystal molecules to change an arrangement of the liquid crystal molecules, 
which changes light transmission in the portion where the arrangement is changed 
and performs the display. 

15 [0005] 

Once the liquid crystal display performs the display by polarizing the liquid 
crystal by the static electricity to change the arrangement, the arrangement of the 
liquid crystal is maintained for a long time. Therefore, the display of the liquid crystal 
display remains for a long time. _ 

20 [0006] 

In order to eliminate the display of the liquid crystal display, it is necessary to 
equalize a potential between the pair of transparent conductive films. Therefore, the 
potential between the transparent conductive films is equalized in such a manner that 
external input/output terminals are provided in each transparent conductive film to 

25 arrange a predetennined resistor between the external input/output terminals, which 
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enables the display to be eliminated after the display appears once. 
[0007] 

[Problems to be Solved by the Invention] 

Since variations in display time are large, it is difficult to produce the liquid 
5 crystal displays that exhibit substantially constant display time. 
[0008] 

The display time of the liquid crystal can be calculated as a product of a value 
of the resistor and a value of an electrostatic capacity of the liquid crystal. Although 
the electrostatic capacity of the liquid crystal depends on the size of the liquid crystal, 

10 generally the electrostatic capacity has about a nanofarad per one square centimeter. 
Therefore, in order to perform the display for one second or more, resistor requires the 
value not lower than mega (10^ ohms. A dried coating film of a coating or a paste, in 
which indium oxide, tin oxide, carbon black, and the like are dispersed with solvent 
and resin, is used as the resistor having the resistance more than megaohms. 

15 [0009] 

When the coating or the paste is applied between the pair of extemal 
input/output terminals, the display performed by the liquid crystal display by the static 
electricity can be eliminated after the liquid crystal display is displayed for the time 
ranging from^eyeral seconds to tens of se^ 

20 [0010] 

However, when the coating or the paste is used, it is difficult to make correctly 
the amount of application constant, even if a device (dispenser or the like) that makes 
the amount of application constant is used. Further, since the resistance is 
remarkably changed by the variations in a solvent drying process, the variations in 

25 display time of the liquid crystal display are large. Therefore, in producing the liquid 
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crystal display that exhibits substantially constant display time, there is a large 
problem from the viewpoints of workability and resistance management. 
[0011] 

[Means to Solve the Problems] 
5 The present inventors have achieved the invention in order to solve the 

above-described problems and to provide the liquid crystal display that exhibits 
substantially constant display time. 
[0012] 

The present invention is a liquid crystal display in which a pair of transparent 
10 insulating substrates is arranged so that transparent conductive films are opposed to 
each other and liquid crystal is encapsulated between the pair of transparent 
insulating substrates, each of a pair of transparent conductive films connected to a 
pair of external input/output terminals being formed on a surface of the transparent 
insulating substrate, a polarizing plate being arranged on a backside of the 
15 transparent insulating substrate, the liquid crystal display having a diode is connected 
between the pair of external input/output terminals. 
[0013] 

Detailed explanations of the invention will be given below. 

Fig. 1 is an_example of the liquid crystal display Qf_the invention., _ Reference, 

20 numeral 1 designates a transparent insulating substrate made of glass or the like, and 
a transparent conductive film 2 such as a NESA film is formed on the surface of the 
transparent insulating substrate 1 . In the pair of transparent insulating substrates 1 , 
the transparent conductive films 2 are opposed to each other, and liquid crystal 3 is 
encapsulated between the pair of transparent insulating substrates. The field-effect 
25 type liquid crystal in which the molecules are changed by the electric field is used as 
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the liquid crystal 3. Nematic liquid crystal, twisted nematic liquid crystal, 
birefringence control liquid crystal, phase transition liquid crystal, guest-host liquid 
crystal, super-twisted nematic liquid crystal, cholestric liquid crystal, and the like can 
be used as the field-effect type liquid crystal. However, the twisted nematic liquid 

5 crystal is preferable in view of easy of production, cost, and responsiveness. A 
polarizing plate 4 is arranged on each outside of the pair of transparent insulating 
substrates 1. The liquid crystal display is easily commercially available. A liquid 
crystal display LMC-507C (product of CITIZEN WATCH, CO., LTD.) can be cited as an 
example. Reference numeral 5 designates an external input/output terminal 

10 connected to the transparent conductive film 2, and it is possible that a pin-connector 
is used as the external input/output terminal 5 by directly attaching the pin-connector 
to the transparent conductive film 2. It is also possible to use a zebra type connector 
as the external input/output terminal 5. It is preferable to use the pin-connector in 
which the diode can be directly soldered. The direction of the external input/output 

1 5 terminal may be either the same direction or the opposite direction relative to the liquid 
crystal display. 
[0014] 

A diode 6 is connected between the pair of external input/output terminals 5. 
^ A usual PN-junction transistor type diode_can be used as the diode 6. The same 
20 effect can be also obtained by using a special diode. A Zener diode, a variable 
capacity diode, a light-emission diode, a photodiode, a Gunn diode, and a tunnel 
diode can be cited as an example of the special diode. The liquid crystal display time 
by the static electricity can be controlled by selecting arbitrarily the diode 
con-esponding to the desired liquid crystal display time from the above-described 
25 diodes. The resistance can be increased or decreased by connecting at least two 
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diodes in series or in parallel. For the method for connecting the diode 6, it is 
possible to directly solder the external input/output terminals 5 and a cathode and 
anode of the diode 6 or it is possible that the extemal input/output terminals 5 and the 
cathode and the anode of the diode 6 are bonded with an electrically conductive 
5 bonding agent using silver or copper. 
[0015] 

The directional property of the diode 6 during connection will be described 
below. When the positive static electricity is input the cathode of the diode 6 is 
connected to an extemal input/output temriinal 5a to which the static electricity is input, 

10 and the anode is connected to another extemal input/output terminal 5b (see Fig. 2). 
On the contrary, when the negative static electricity is input, the anode of the diode 6 
is connected to the extemal input/output temriinal 5a to which the static electricity is 
input, and the cathode is connected to the another external input/output terminal 5b 
(see Fig. 3). When the polarity of the static electricity is unknown, two diodes are 

15 connected in series, in which case, there are two connection methods, namely the 
method for connecting the cathode and the cathode and the method for connecting 
the anode and the anode (see Fig. 4). Either of the connection methods is possible 
as long as there is the connection in which the reverse-direction bias is always applied. 
The extem al in put/output temriinal to which the static electricit y is not input may be 

20 grounded or ungrounded. 
[0016] 

The display pattem which is displayed by the liquid crystal display by the 
static electricity is easily formed on the transparent electrode film 2 by a photomask, a 
screen, etching, and the like. Polaroid KN-42 (synthetic polarizing plate, product of 
25 Polaroid Corporation, U.S.) is used as the polarizing plate 4, and a polarization plane 
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is adjusted and fixed. It is also possible that a reflection type liquid crystal display is 
formed by arranging a reflecting plate on a rear surface of the polarizing plate. 

[0017] 
[Operation] 

The diode has a characteristic that the electricity can pass through from the 
anode side but the electricity handly passes through from the cathode side. The 
liquid crystal display according to the invention utilizes the difficulty of the electric 
passage in the diode as the resistor Therefore, when the static electricity is applied 
to one of the external input/output tenninals, the static electricity passes through the 
other external input/output terminal via the diode, and the potential difference between 
the external input/output temiinals is gradually eliminated. The liquid crystal display 
performs the display while the static electricity passes through between the external 
input/output terminals. When the passage of the electricity is finished, the display 
disappears. Since the variations in values of the resister are small in the diode, the 
liquid crystal display that exhibits substantially constant display time is obtained. 

[0018] 
[Embodiment] 

Embodiments will be explained below. 

[First E mbodime nt] ___ 

The liquid crystal display is obtained by soldering the cathode of the diode 
(1 S2076, product of Hitachi. Ltd.) to one of the external input/output temiinals to which 
the static electricity of the liquid crystal display LMC-507C (product of CITIZEN 
WATCH. CO., LTD) is input and soldering the anode of the diode to the other external 
input/output terminal. 
[0019] 
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[Second Embodiment] 

The liquid crystal display is obtained in the same manner as the first 
embodiment except that the anode and the cathode of the diode in the first 
embodiment are reversely soldered. 
5 [0020] 
[Third Embodiment] 

A three-temiinal diode with built-in common cathode two temiinals 
(MA151WK. product of Matsushita Electronic Components. Co.. Ltd.) is used instead 
Of the diode in the first embodiment, one of the externa, input/output temiinals of the 
10 liquid crystal display is soldered to one of the anodes, and the other external 
input/output temiinal is soldered to the other anode. 
[0021] 

[First Comparative Example] 

The liquid crystal display in which the diode is fixed to the liquid crystal 
1 5 display in the first embodiment. 
[0022] 

[Second Comparative Example] 

The liquid crystal display is obtained by applying an antistatic coating CM701 
(product of Shinto Chemitron. Ltd.) between external input/output^^^^^^^ 
20 liquid crystal display in the first embodiment with a dispenser (ME-505. product of 
Musashi Engineering. Inc.) (conditions; needle of PN-22G-A. air pressure of 1.5 
kg/cm^ and drop time of 3/100 second) and drying at SO-C for one hour 

[0023] 
[Effect of the Invention] 

A display test was perfomied by using each one hundred of the liquid crystal 
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displays obtained by the embodiments and the comparative examples. TABLE 1 
shows the result of the display test. 
[0024] 

Display test: the static electricity of positive or negative 5000 V-50 pF was 
input by using a static electricity generator to the external input/output terminals of the 
liquid crystal display. Test conditions were temperature of 25 °C and humidity of 
40%. 

(margin below) 
[0025] 
[TABLE 1] 





Static 
electricity 


Display time 
(second) 


Standard 
deviation 


Fist embodiment 


+ 


2.50 


0.10 


Second embodiment 




1.45 


0.14 


Third embodiment 


+ 


2.50 


0.10 


Fourth embodiment 




4.80 


0.21 


Fourth embodiment 




4.80 


0.21 


First comparative example 


-h 


64.75 


30.24 


Second comparative example 


+ 


4.30 


1.25 



[0026] 

As described in detail above, the liquid crystal display according to the 
15 invention is excellent In that the variations in display time is small and there are no 
problems in the working. 
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